The presence of an Eimeria sp. was found in adult large-scaled gurnards Lepidotrigla cavillone (LacepPde, 1801) from the Novigrad Sea, in Croatia. The detection of Eimeria sp. in the pyloric caeca and intestines of the large-scaled gurnards is also the first report of the parasite in this fish species. The analysis of histopathological changes in the digestive tract led to the conclusion that the parasite could be a serious pathogen in heavily infected large-scaled gurnards.
Introduction
The coccidian species of marine fish in the Adriatic Sea have not been sufficiently studied. Daoudi et al. (1989a) recorded 12 species of the genus Eimeria Schneider, 1875 of the marine fish from Montenegro. Several authors have studied marine fish coccidia in other parts of the world. Lom and Dyková (1982) described 6 coccidia species infecting marine fish from Newfoundland waters and the French Mediterranean coast. Furthermore, Diouf and Toguebaye (1994) described 11 Eimeria spp. in marine fish from Senegal, and Molnár and Rohde (1988) described 7 new coccidia in marine fish from Australia. To our knowledge, so far only 2 coccidia of the genus Eimeria have been reported in fish belonging to the Triglidae family, namely Eimeria triglae Daoudi, Radujkoviae, Marqués et Bouix, 1989 and Eimeria gabonensis Diouf et Toguebaye, 1994 . There are no reports on Eimeria infection in large-scaled gurnards, so the aim of this study was to determine the presence and prevalence of the parasite and to describe histopathological changes in the pyloric caeca and intestines of the large-scaled gurnards.
Materials and methods
This study involved 15 adult large-scaled gurnards Lepidotrigla cavillone, caught in the Novigrad Sea, Croatia in May. The fish weighed 20-25 g. Their digestive tracts, which included the stomach, pyloric caeca and intestines, were partially filled with ingested material. For the purpose of histopathological examination, small samples of each part were fixed in 10% buffered formalin. The fixed material was embedded in paraffin and serially sectioned at 6 µm. Sections were stained with hematoxylin and eosin (H&E) and the Periodic-acid Schiff (PAS) reaction (Sheehan and Hrapchak 1980) . Some sections also were stained with alcian blue at pH 2.5 (AB) (for sulphated and carboxylated mucosubstances), toluidine blue (TB) (for sialic-acid rich non-sulphated mucosubstances), and the mercury-bromphenol Stefañski DOI: 10.2478/s11686-008-0009-8blue (for protein staining) (Pearse 1968) . The sections were studied by light microscopy using an Olympus BX41 at magnifications of up to × 2000. The infection was evaluated in histological sections and its prevalence was calculated. Oocysts were measured with an Olympus DP 12 digital camera and Cell B software (Soft Imaging System). Mean values of all measurements are presented in µm, and the ranges are provided in parentheses.
Results
Oocysts of Eimeria sp. were found in the pyloric caeca and intestines of the 3 of 15 (20%) examined large-scaled gurnards. The infection was more intense in the pyloric caeca. Oocysts were found in the sporulated and unsporulated stage within ingested material from the pyloric caeca as well as in intestines.
Histopathological examination of the pyloric caeca and intestines revealed changes representative of Eimeria sp. infection. Histopathological changes included moderate infiltration of the lamina propria and lamina epithelialis with lymphocytes and macrophages, accompanied with the thickening of the intestinal villi and vacuolization of epithelial cells (Fig.  1 ). Very often, the infected part of the pyloric caeca and intestines resulted in detachment of the lamina epithelialis from the lamina propria. Epithelial cells were partially or completely destroyed leading to necrotic changes (disseminated focal necroses). Karyorhexis of enterocytes and focal sloughing of the epithelium were observed occasionally (Fig. 2) . However, the necrotic changes were commonly observed in the apical part 
(PAS). Sporulated oocysts (arrowhead)
Eimeria infection and histopathological changes in L. cavillone of the intestinal villi. Compared with uninfected samples, infected parts of the digestive tract exhibited an increased number of rodlet cells (Fig. 3) . Enlargement and increase of goblet cells was also evident (Fig. 4) . In addition to these histopathological changes in the pyloric caeca and intestines, some changes also were observed in the stomach, such as a huge accumulation of mononuclear cells and focal haemorrhage within the submucosa.
Sporulated oocysts were irregular in shape, measuring 13.3 (12.2-14.1), with a thin, membrane-like wall. Each oocyst contained four ellipsoidal, lemon-shaped sporocysts with a collarlike Stieda body. Sporocysts filled the entire oocyst space and they were situated so three sporocysts could be seen in one plane. The majority of the sporocysts appeared hexagonal in transverse section (Fig. 5) .
Histological sections showed gamogonic stages of Eimeria sp. The macrogamonts, 9.6 (8.4-11.5) wide, were located in the basal part and supranuclear region of the enterocytes in the pyloric caeca, as well as in intestines. Macrogamonts had an eccentrically situated nucleus and a large inclusion that stained pink after H&E, and dark with a clearly visible area around the inclusion after the mercury-bromphenol blue. The nucleus and the area around the inclusion stained dark blue and the inclusion stained light blue with TB. The PAS staining revealed numerous PAS-positive granules inside the cytoplasm of the macrogamont (Fig. 6 ). The microgamonts, 7.3 (5.3-9.5) wide, with numerous (up to 16) microgametes situated on the periphery, were located in the apical part of the enterocytes and stained intensively blue with H&E (Fig. 7) .
Discussion
Large-scaled gurnards belong to the Triglidae and are widespread in the Mediterranean Sea where they constitute a significant fishery resource (Jardas 1996) . Zooplankton and benthic crustaceans as well as shrimps/prawns are an important part of the menu of adult large-scaled gurnards (Moreno and Matallanas 1983 , Caragitsou and Papaconstantinou 1990 , Colloca et al. 1994 . In the Novigrad Sea, which is a shallow semi-closed sea, such a diet could be one of the reasons for relatively high prevalence of this parasite in large-scaled gurnards. The presence of a Stieda body in mature sporocysts and intracellular gamogony and sporogony demonstrate that the coccidia described in this paper belong to the genus Eimeria Schneider, 1875 (Lom and Dyková 1992) . Daoudi et al. (1989a) gave a detailed description of coccidia in marine fish from Montenegro, and Radujkoviae and Raibaut (1989) provided a list of their parasitic fauna in the Adriatic Sea. However, these authors did not find any Eimeria infection in large-scaled gurnards. This is also the first report on Eimeria sp. in the digestive tract of large-scaled gurnards. To our knowledge, only E. triglae (Daoudi et al. 1989b ) and E. gabonensis (Diouf and Toguebaye 1994) have been found in the Triglidae. The species we saw differs from the two eimerians mentioned above in certain morphological characteristics of the oocysts and sporocysts. Our parasite resembles E. hexagona found in the pyloric caeca and middle intestine of Onos tricirratus (Lom and Dyková 1981) and E. anguillae found in the eel's intestines of the genus Anguilla (Molnár and Hanek 1974 , Hine 1975 , Daoudi et al. 1989a , Benajiba et al. 1994 . They differ, however, in that E. anguillae has epicellular gamogony (Lom and Dyková 1992) , while the species we studied had gamogony that was intracellular. In E. hexagona, the sporocysts are hexagonal in shape (transverse section) but differ from our species in other morphometrical values. According to Lom and Dyková (1981) , the average size of the E. hexagona oocysts was 12 µm, whilst we noted that the average size of the oocysts was 13.3 µm. Other measurements and general features of the Eimeria sp. identified in this study do not agree with the published data on the known species.
There is little information available on the histopathology associated with eimerian infections in fish. Hence, this paper describes histopathological findings observed in individual parts of the digestive tract of large-scaled gurnards. The basic histopathological changes described in the pyloric caeca and intestine of large-scaled gurnards show moderate infiltration of the lamina propria and lamina epithelialis with lymphocytes and macrophages. Lom and Dyková (1982) also described infiltration of the lamina propria and submucosa with lymphocytes in the conger eel infected with E. isabellae. We observed detachment of the lamina epithelialis from the lamina propria and disseminated necroses of epithelial cells in heavily infected parts of the pyloric caeca and intestines and increased number of rodlet and goblet cells was also seen. The physiology of nutrition of large-scaled gurnards has been studied by Kozariae et al. (2008) . According to these authors, intestinal digestion of nutrients and their transport in the digestive tract mainly occurs in the pyloric caeca and anterior intestinal segments of large-scaled gurnards. Our study shows that the described histopathological changes reduce intestinal surface and cause a decrease of intestinal function. In some fish, coccidia have a considerable pathogenic potential (Lom and Dyková 1992) ; thus, we believe that this species could be a serious pathogen in heavily infected large-scaled gurnards. Further research is needed to establish the validity of this Eimeria species.
